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(54) SOLID PHASE FOR TARGET NUCLEIC ACID DETECTION, PROCESS FOR PRODUCTION 
THEREOF, AND METHOD OF TARGET NUCLEIC ACID DETECTION 

(57) A solid phase for target nucleic acid detection 
which has a base sequence hybridizakjie in sequence 
with a specified polynucleotide sequence of a target 
nucleic acid and contains a set of probes with their spa- 
tial arrangement immobilized onto the solid phase 
through a linker portion so as to be enzymatically 
ligated during the hylxidization: and a method of target 
nucleic acid detection which comprises hybridizing the 
solid phase with the target nucleic add, ligating the 
probes by a ligase reaction, and detecting the product of 
ligation. 
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Description 
TECHNICAL RELD 

This invention relates to solid phases for the detection of target nucleic acids, their preparation methods, and meth- 
ods of detecting target nucleic acids employing the same. 

BACKGOUND ART 

With the advent of researc^i developments in recent years, a variety of biological information has come to being 
derivat>le from gene sequences. Consequently, detection of the genes (which correspond to the specified polynucle- 
otide sequences of target nucleic acids) has enabled the diagnosis of diseases, susceptibility against dmgs, compati- 
bility in organ transplantation and the like In the medical field; it has enabled tiie detection and identification of diverse 
pathogens responsible for food poisoning in food science. 

In order to detect such specified polynucleotide sequences, hybridization methods are generally performed using 
prdbes that comprise sequences complementary to tiiose to be detected. Since tiie sequences to be detected vary 
widely in accordance with the purposes of detection, probes having a variety of sequences in accordance with those 
purposes are employed in tiie detection. Also, there may be cases where reactions with from tens to a few hundreds of 
probes have to be examined at one time to confirm tiie presence of plural sequences in a single sanple. 

Regarding the simple technique of examining reaction with a large number of probes as described, generally 
known is a method to use a solkJ phase such as a filter on which probes have been immobflized. Fig. 1 schematically 
illustrates a method where a probe immobilized on tfie solid phase is used to hybridize to the target nucleic acid and to 
detect it. This method arranges plural probes on a single solid phase at certain distances; ttiereby. it allows the simul- 
taneous detection of ttie reaction with many probes at one time even if a small amount of the sample is used. However, 
the method emplcying probes immobilized on the solid phase generally suffers from low efficiencies in reaction wHh the 
target nucleic adds because the pnsbes are subjected to restrictions in their movement due to tiie immobilization, and 
in addition, it has a difficulty in detection with high sensitivity because background signals arising from tiie nonspecific 
adsorption of the sample to the solkJ phase are generated. Furthermore, mutual binding between nucleic acids them- 
selves ty^ virtue of hybridization takes place even if there are a few mismatches between the sequences and. as a 
result, the poor ability to recognize sequences is named as a problem common in ttie hybridization metiiods. 

The oligonucleotide ligation assay is disclosed in Proc. Nati. Acad. Sci. USA (1990) 87. 8923-8927. which is a 
method to improve the sensitivity and the ability to recognize sequences in tiie hybridization methods. This metiiod is 
schematically shown in Fig. 2. Two probes are reacted with the target nucleic acid: in the two probes a group binding to 
the sdkj phase is introduced into one of the two nucleic acids capable of sequentially hybridizing with a target sequence 
and a group useful for detection is introduced into the ottier. Then only the correctiy hybridized probe is ligated by addi- 
tion of a ligase. Differing from tiie methods where probes have been immobilized in advance, tiiese reactions are very 
efficient since ttiey are conducted in a liquid phase where molecules freely move; further, they enjoy higher sequence 
recognition than ttie detection mettiods solely relying on hybridization, since ttie ligation reaction by ttie action of ligase 
proceeds in such a strict manner tiiat it does not take place H ttiere is disparity in only one base. The probe ligated by 
the action of ligase can easily be separated by being bound to the solid phase and is detected through the group that 
has been introduced for tiie purpose o1 detection. However, where tiie sequences to be detected vary diversely, tiiis 
method conpels a technician himself to add different probes depending on ttie sequences to be detected and. as a 
result gives unnecessary tension to ttie technician, tiius likely inducing erroneous additions or the like. Moreover, when 
plural probes are reacted at the same time, it is difficult to identify as to which sequences correspond to tiie probes hav- 
ing been detected. 

Accordingly, there is a need for the simple method which uses probes ananged on a solid phase in addition to only 
a small amount of sanple and which allows ttie detection of tiie reaction of many probes with high sensitivity and great 
ability of sequence recognition. 

DISCLOSURE OF INVENTION 

An objective of ttiis invention is to solve the above-mentioned problems and to provide a solid phase for tiie detec- 
tion of a target nucleic acid for the purpose of detecting a wide variety of target nucleic acids in a sample simultaneously 
witti more ease, greater rapidity, and high accuracy or for the detection of a large number of base sequence groups con- 
tained in a target nucleic acid simultaneously witti high accuracy, a preparation mettiod ttiereof. and a mettiod of detect- 
ing a target nucleic acid. 

As a result of ttiorough investigations, the present inventors have found: a solid phase for the detection of a target 
nucleic acid which enables the detection of a wkJe variety of target nucleic acids in a sample simultaneously with more 
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ease, greater rapidity, and high sensitivity; a preparation method thereof; and a method of detecting a target nucleic 
acid using said solid phase. 

SpecHically. this invention provides a solid phase for the detection of a target nucleic add comprising a pair of 
probes, said pair of probes having a base sequence capable of sequentially hybridizing with a specified polynucleotide 
5 sequence of said target nucleic acid and being immobilized on said solid phase through a linker portion in such a man- 
ner as to occupy a restricted spatial arrangement so that the probes can be ligated by an enzyme when the probes 
sequentially hybridize with the specified polynucleotide sequence of said target nucleic add. 

Also, the invention provides the solid phase for the detection of a target nucleic add as described above, charac- 
terized being produced by the step wherein the pair of probes immobiBzed through the linker portion in such a manner 
10 as to occupy a restricted spatial arrangement hybridizes with sakJ target nudeic add to form a complex. 

Also, the invention provides the solid phase for the detection of a target nudeic add as described above, wherein 
at least one of the pair of probes is further provided with a base sequence capable of hybridizing with a padlock probe. 

Further, the invention provides a method of preparing a solid phase for the detection of a target nucleic acid, said 
method comprising the steps of: 
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(1) hybridizing a pair of probes with the target nucleic acid tc form a complex, said pair of prot>es having a base 
sequence capable of sequentially hybridizing with a specified polynudeotide sequence of the target nucleic acid; 

(2) immobilizing the pair of probes having formed the complex, on a surface of the solid phase through a linker por- 
tion; and 

20 (3) denaturing and removing the target nucleic acid. 

Also, the invention provides the method of preparation as described akxjve, wherein the linker portion is formed by 
a binding reaction of biotin with avidin or streptavkiin. 

Also, the invention provides the method of preparation as described above, wherein at least one of the pair of 
25 probes is further provided with a base sequence capable of hybrklizing with a padk)ck probe. 

Further, the invention provkles a solid phase for detection, characterized by being produced by the method of prep- 
aration as descrit>ed above. 

Still further, the invention provkjes a method of detecting a target nudeic ackl comprising the steps of: 

30 (1) hybrklizing a solkJ phase for the detection of a target nudeic add with the target nucleic add to form a complex, 
sakj solid phase comprising a pair of probes, said pair of probes having a base sequence capable of sequentially 
hytxidizing with a spedf ied polynudeotide sequence of said target nudek; ackl and being immobilized on said sofid 
phase through a linker portion in such a manner as to occupy a restricted spatial anangement so that the probes 
can be ligated by an enzyme when the probes sequentially hybridize with the specified polynucleotide sequence of 

35 sakl target nucleic add; 

(2) ligating the pair of probes by a ligase reaction of the complex to form a ligation product; and 

(3) detecting the ligation product. 

Also, the invention provides the method of detection as described above, vi^erein the ligation product is detected 
40 based on a resistance activity thereof against exonudease digestion in the step for detection of the ligation product. 

Also, the invention provkles the method of detection as described above, wherein the resistance activity of the liga- 
tion product against the exonudease digestion is detected based on mass variations of the solkl phase for the detection 
of a target nucleic ackl. 

Also, the invention provkles the mettnod of detection as described above, wherein tfie mass variations of the solid 
45 phase for the detection of a target nucleic ackl is based on fluctuations of reflective index as determined by the surface 
plasmon resonarice sensor. 

In addition, the invention provkles a method of detecting a target nudeic ackl corrprising the steps of: 

(1) hybridizing a solid phase for the detection of a target nudeic ackl with the target nudeic add to form a complex. 

so said sdkJ phase conprising a pair of probes, said pair of probes having a base sequence capable of sequentially 
hybridizing with a spedf ied polynudeotkJe sequence of said target nudeic add and a base sequence capable of 
hybridizing with a padlock probe, and being immobilized on said solid phase through a linker portion in such a man- 
ner as to occupy a restricted spatial arrangement so that the probes can be ligated by an enzyme when the probes 
sequentially hybrkiize with the specified polynucleotide sequence of said target nudeic add; 

55 (2) ligating the pair of probes by a ligase reaction of the complex to form a ligation product: 

(3) hybridizing the ligation product with the padlock probe; 

(4) ring-closing the padlock probe to the Ogation product in a continuous loop by a ligase reaction; and 

(5) detecting ttie ring-closed padlock probe. 
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BRIEF DESCRIPTION OF DRAWINGS 

Rg. 1 illustrates a method to h^\6\ze a specified polynucleotide sequence with a single probe immobilized on a 
solid phase and to detect the sequence 

Fig. 2 Illustrates a method where after two kinds of probes have been allowed to hybridize with a specified polynu- 
cleotide sequence, they are ligated by a ligase reaction and Immobilized on a solid phase to achieve their detection. 

Fig. 3 iOustrates a method to detect a target nucleic acid employing the solid phase for the detection of a target 
nucleic acid according to this invention. 

Rg. 4 illustrates an example of the preparation methods of the solid phase for the detection of a target nucleic acid 
according to the invention. 

Rg. 5 illustrates a method of detectng a ligation product, wherein a probe having formed a complex does not react 
with Exonuclease I and a probe having formed no complex either in the absence of a specified polynucleotide or due to 
mismatching is digested with Exonuclease 1. 

Rg. 6 illustrates a method wherein a probe having an oligonucleotide sequence for a padlock probe is used to 
hybridize with a specified polynucleotide sequence and to obtain a ligation product by a ligase reaction, and the padlock 
probe is allowed to hybridize with the resultant ligation product and is subjected to the ligase reaction, causing a con- 
tinuous loop to be formed. 

Rg. 7 illustrates a method wherein after probes are labeled with an energy donor and energy acceptor, respectively, 
allowed to hybridize with a specified polynucleotide sequence arxi subjected to a ligase reaction, the resultant ligation 
product is detected based on an energy donor-acceptor interaction between the labels. 

Rg. 8 illustrates an embodiment of the method of detecting a large number of sequences sinmjftaneously with high 
accuracy, which utilizes the method according to this irvention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

The solid phases and methods for the detection of target nucleic adds according to this invention will be explained 
in detail hereinbelow. 

(Target Nucleic Adds) 

In this invention the types of target nudeic acids are not particularly limited and a variety of nucleic acids (such as 
DNAs. RNAs, and oligonudeotides) are applicable. There is also no particular limitation concerning the length of the 
target nucleic acids and usable are nudeic acids the length of which has been adjusted to appropriate sizes by suitable 
treatments depending on intended purposes. As is scherratically shown in Rg. 3. this invention relates to a method of 
detecting a specified polynudeotide in a target nudeic acid, which method uses two kinds of probes each having a base 
sequence capable of hybridizing with this specified oligonudeotide sequence. Therefore, this polynudeotide sequence 
needs to be previously known, but its base number should not be particularly limited. The specified pdynudeotide 
sequences of the invention may be at least 20 bases in number to enable suffident recognition and to be suited for the 
ligase reaction as will be described hereinbelow. More preferably, they may be more than 30 bases. As to the position 
of this specified sequence in the target nudeic add. there is also no particular limitation; it may be in the vidnity of the 
end or at the middle portion of the nucleic acid. 

Furthermore, when the methods according to this invention are practiced, the above-mentioned specified polynu- 
cleotide sequence portions at least need to be single-stranded in order to effect hybridization; however, in cases where 
the target nucleic acids are double-stranded, they can be easily made single-stranded by conventional means such as 
heat denaturation or alkaline denaturation. 

(A Pair of Probes) 

The pah- of probes according to this invention has base sequences complementary to the above-mentioned spec- 
ified polynudeotide sequence portion of the target nudeic acid and sequentially hybridizes with the above-mentioned 
specified pdynudeotide sequence portion. There is no particular limitation to the base numbers of base sequence of 
the respective probes. In the invention, the base nunnber may be more than about 10 and preferably more than 15. 
Where the base number is small, the sufficient specified recognition function is not observed and too many numbers 
bring out problems such as handling or preservation. 

Moreover, each probe is provided with a linker portion for the punDOSe of its inunobilization on the solid phase for 
detection, which will be explained hereinbelow. 
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(The Solid Phase for Detection) 

In this invention "the solid phase" means a solid phase medium where the two Wnds of probes as explaned above 
are bound onto its surface in proxirrtity with each other. Among others their binding densities are not particularly limited 
and those bound wHh different densities can be used. In addition, the types of the solid phase media are also not par- 
ticularly limited and solid phase media of inorganic substances or solid phase media of organic siA)Stances can be 
used, for example. As the solid phase media of inorganic substances various metallic films, silica gel. alumina, glass, 
etc. are named. As the solid phase media of organic substances nitrocellulose f inrts, nylon films, etc. are named. In this 
invention it is particularly preferred to use media made of metallic films bound with dextran. 

(Linker Portions) 

According to this invention, the solid phase for detection and the above-mentioned kinds of probes are bound 
together through a linker portion. The type and shape (or the like) of the linker portion are not particularly limited. The 
linker portions may suffice insofar as they posses enough strong binding ability in: the conditions where the above-men- 
tioned two kinds of probes hybridize with the target nucleic acids; the accompanying washings; and other manipulations 
such as removing the target nucleic acids. 

Specifically, named as linker portions are, for example, those utilizing ordinary chemical bonding, and those utiliz- 
ing bonding based on interaction between proteins themselves or strong interaction between proteins and spedfied 
molecules. In the invention, the binding based on strong interaction between proteins and spedfied molecules are pref- 
erably utilized. More specifically, they are binding between biotin and avidin or between biotin and streptavidin. In these 
Instances, although not particularly limited thereto, biotin is bound to the probes and avidin or streptavidin is bound to 
the solid phase, which makes a preferable combination. 

25 (Spatial Arrangement) 

According to this invention, the solid phase for detection is immobilized on a solid phase such that two kinds of 
probes occupy a predetermined spatial arrangement. Namely, it is the spatial arrangement that allows the above-men- 
tioned probes to sequentially hybridize vwth the specified pdynudeotide sequence of the target nucleic acid and then 
30 to be ligated by enzyme reactions. ■ ^ 

The methods to immobilize the probes with the predetemiined spatial arrangement as described above include a 
method wherein the above-mentioned two kinds of probes are premixed to provide their desirable concentrations and 
the mixture is allowed to react with the solid phase for detection to achieve their bonding through the linker portions, for 
example In this case, there is obtained an arrangement where the two kinds of probes are randomly bound to the 
35 above-mentioned surface. Here, it is believed that among the spatial an^angements of the two kinds of probes as 
described above, only a very small number of the probes take that which allows the sequential hybridization with the 
specified polynudeotide sequence of the target nucleic add and further the ligation by enzyme reactions. 

According to this invention, the techniques as described below can preferably be used as a method to immobilize 
as many pairs of probes as possible on the solid phase, which probes have desirable ^tial arrangements (see Fig. 4). 
40 The two kinds ol probes are first mixed vwth the target nucleic add to effect hybricSzation. The resulting hybrids are 
allowed to cause binding reaction on the solid phase for detection, which immobilizes the hybrids thereon. After thor- 
oughly washing the above-mentioned solkJ phase, the target nudete acids are removed from the hybrids by heat treat- 
ment, alkaline treatinent or tiie like. 

Following the manipulations as described above, the two kinds of probes have come to being immobilized on the 
45 solid phase in such a desirable spatial an-angement as to hybridize with the target nucleic acid. 

In addition, the target nudeic ackl to be used in this case does not necessarily have a continuous sequence that is 
completely complementary to the polynucleotide sequence portions of the two Wncte of probes as described above and 
it is only required ttiat the target nudeic add be able to hybridize the ends of the two kinds of probes in proximity with 
each other. 



so 



(Hytxklization Conditions) 



In this invention, there is no particular limitation to tiie conditions of hybridization between the pair of probes and 
the target nucleic acid in accordance with the invention and standard conditions are usable. For exanrple. the method 
55 as described in "Molecular Biology Experimental Manual"; M. Kawakami Ed.; Kodansha. pp. 1 72 or its modification may 
be used. Also, there is no particular limitation to the conditions under which the target nuddc acids are removed from 
the resisting hybrids to form single-sfrands and standard cor^itions knowwn in the art are usable. For example, they are 
alkaline treatment, heat treatment, add treatment and the like. 
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(Enzymes) 

According to this invention, the enzymes which can be used to bind a pair of two kinds of probes include a ligase, 
for example. The type and reaction conditions of ligases are not particularly limited and a variety of ligase reactions 
5 known in the art are usable in accordance with standard selections. 

Further, after ligation resulting from the ligase reaction, it is possible to remove the target nudeic acids following 
various manipulations (such as heat treatment, alkaline treatment, and acid treatment). 

(Methods of Detection) 

10 

As shown in Fig. 3, the method of detecting a target nucleic acid according to this invention utilizes the solid phase 
for detection of the invention; allows a pair of probes on the aforementioned solid phase for detection to sequentially 
hybridize with a specified polynucleotide sequence of the target nudeic acid; causes bonding between the two kinds of 
probes as described above to take place through the ligase reaction of the resultant hybrk!s (complexes); and detects 

75 the ligation products obtained therefrom. 

Also, in cases where the base sequence of the target nudeic acid differs and the probes erroneously recognize the 
sequence, the formation of the alcove-mentioned ligation product does not result from the ligase reaction. Thus when 
the target nucleic add is removed by alkaline treatment or the like after the ligase reaction as described above, the 
probes have not been ligated together and the respective ends remain to exist, in other woids. the pair of probes returns 

20 to its initial state. 

According to this invention. It is possible to find out that the above-mentioned ligase reaction has occurred and 
therefore, to find out the presence of the target nucleic add by detecting the ligation products as described above 
through various means. In this case, since the ligase reaction has extremely high specificity, the degree of erroneous 
recognition can be kept to a very low level. 

25 Ck)ncerning the means to detect the above-mentioned ligation product in accordance with the invention, a variety 
of methods known in the art can be used as will be described below. 

For example, an exonuclease reaction (such as Exonuclease I. VII) may be utilized as shown in Rg. 5. On the one 
hand, where the at)Ove-mentioned ligation product is not formed, the pair of probes on the solid phase is in its initial 
state with the 5*- and 3*-ends being present. Thus when Exonudease I reaction is performed here, for example, one 

30 probe is digested (or hydrolyzed) from its 3'-end. On the other hand, because no 3'-end exists in the ligation product, 
the probes are not digested even if the exonuclease reaction is performed here. Therefore, it is possible to detect the 
presence of the above-mentioned structure in a closed-ring form by detecting the presence of hydrolyzed products or 
hydrolyzed probes. To this end, the digestion of the probes can be ascertained by labeling the probes with various 
labels (such as fluorescence or radioisotope) or by detecting decreases in the mass of the nudeic acids on the solid 

3$ phase. e.g., by surface plasmon resonance. 

Also, as is shown in Fig.6, one of the detection methods as described above is a method where the above-men- 
tioned ligation product is allowed to hybridize with a padlock probe, the padlock probe is then ring-closed with the liga- 
tion product in a continuous loop through a ligase reaction, and the ring-closed padlock probe is detected. If necessary, 
it is possible to anplify the reaction by further repeating these manipulations and adding plural padlock probes. Labe- 

40 ling of the padlock probes is made with fluorescent molecules or radioisotopes or the like. The term "padlock probe" 
herein means a probe connecting two segments through a linker sequence which segments hybridize with a sequence 
to be tested, the probe being an oligonucleotkle probe cyclizing with lx)th ends in proximity with each other when it has 
hybridized with the sequence to be tested (Sdence (1994). 265. 2085-2088). 

Furthermore, as is shown in Rg. 7. the technique for detecting the above-mentioned ligation product labels the two 

45 probes as described above respectively in advan&e and retains the labeling grotps at specified positions by virtue of 
.formation of the above-mentioned ligation product, thus causing specific interaction: by detecting the interaction, it is 
possible to find the presence of the above-mentioned ligation product Labeling which can preferably be used in this 
case is, for example, based on the phenomenon of fluorescence energy transfer between nK>lecules. In one instance, 
where probes labeled with fluorescent molecules of the energy donor type and those labeled with fluorescent molecules 

so of the energy acceptor type are used, the fluorescent nriolecules of the energy donor which have been photoexcited 
resulting from the fluorescence energy transfer excite adjacent fluorescent molecules of the energy acceptor type and 
thus the fluorescent molecules of the energy acceptor type emit fluorescence when the probes are ligated. Oljservation 
of that fluorescence enables the detection of the ligation product. 

55 (Simultaneous, High Accuracy Detection of Multiple Sequence Target Nudeic Adds) 

According to the methods of this invention, it becomes possible to simultaneously and individually detect many 
kinds of target nudeic acids in a sample to be tested (e.g.. a mixture of one DNA and others or a wide variety of DNAs). 
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For example, (a) the probes according to the invention as explained above are provided on the solid phase such as a 
f iHer they are positioned so as to be able to efficiently hybridize with spedf ied polynucleotide sequences in the respec- 
tive target nucleic acids, (b) A mixture of the target nucleic adds in the sample is allowed to react at one time and fur- 
ther. a ligase reaction is performed at once. Through these manipulations the probes hybridize (and by the ligase 

5 reaction) with the specified sequences of the target nudeic adds correspondingly to form ligation products, (c) ft is pos- 
sible to simultaneously detect the presence of the sequences of many kinds of the target nudeic acids by detecting 
those ligation products according to various methods as explained above. 

For instance, Fig. 8 shows an embodiment of practicing the method for the simultaneous, high accuracy detection 
of multiple sequence target nucleic adds. First, where the specified polynudeotide sequences of ttie target nudeic 

10 acids to be detected are five Wnds. namely No. 1 through No. 5. pairs of probes corresponcfing to the specified polynu- 
cleotide sequences Nos, 1-5 are provided at respective predetermined sites. In this case, their preparations are prefer- 
ably made following the method illustrated in Fig. 4 as descrtoed to explain the invention. At all sites the target nud©c 
adds are allowed to cause hybridization and an excess amount of samples is washed and removed. Then the bindmg 
reaction by means of ligase is conducted at all the sites, when ligation products are formed only in the cases where the 

75 corresponding, specified polynudeotide sequences are present. In Fig. 8 Nos. 1. 3 and 5 are the cases. As to the 
method to detect the resulting Hgation products which will follow, a va^-iety ot methods already explained so far can be 
used. The sites at which the presence of ligation products is confirmed permit ttie detection of plural target nucleic acids 
existing in the sample being tested. 

Although this invention will be hereinbelow concretely illustrated by exanples. it is not limited to the following exam- 

20 pies insofar as it does not depart from its essence. 

Nucleic acids were generally synthesized on a automated digonucleotide synthesizer by following tiie solid phase 
phosphoramidrte synthetic metiiod and purified by ion-exchange high performance liquid chromatography (purity 
greater than 99%). The S'-phosphorylation was earned out using 5' Phosphate-ON. The 3'-biotinylation was earned out 
using 3 -Biotin-ON CPG. The 5'-biotinylation was carried out using Biotin-ON Phosphramidite. The foregoing reagents 

25 are available from CLONTECH Inc. 

EXAMPLE 1 

Immobilization of Probes 

30 

(1-1) Probe A ( 5* (P)-TAGTGGATCCCCCGGGCTGC-(biotin) 30 comprising a 20 base digonudeotide the 3'-end 
of which was labeled witii biotin and the 5*-end of which was phosphorylated was synthesized by the conventional 
phosphoramidite solid phase synthetic method usmg automated digonudeotide syrthesizer. 
(1-2) Probe B (5' (biotin)-GGTGGCGGCCGCTCTAGAAC-3') comprising a 20 base digonudeotide the 5'-end of 
35 which was labeled witii biotin was synthesized by the conventional phosphoramidite solid phase synthetic method 
using automated oligonucleotide synthesizer. 

(1 -3) Target nudeic acid A comprising an digonudeotide with the following sequence was synthesized to serve as 
a target nucleic acid capable of retaining tiie above-mentioned two probes in proximity to each other: 
5'-GCAGCCCGGGGGATCCACTAGTTCTAGAGCGGCCGCCACC-3' 
40 (1-4) The probes obtained in Steps (1-1) and (1-2) (each 400 nM) and the target nudeic acid (400 nM) obtained in 
Step (1-3) were mixed in IxSSPE (which contained 1 50 mM NaCI. 10 mM sodium dihydrogenphosphate. and 1 mM 
ethylenediaminetetraacetic add with the pH adjusted to 7.4 witii sodium hydroxide), the mixed solution was heated 
in boiling water for 3 min to effect denaturation and then maintained at 55*»C for 10 min to effect hybridization. 
(1-5) When the complex prepared in Step (1-4) was reacted with a BIAcore sensor chip SA5 (Pharmacia Biotech 
Inc.) coated with streptavidin at 3TC for 4 mia mass variations of the solid phase were observed with a surface 
plasmon resonance sensor (BIAcore 2000 available from Pharmada Biotech). An increase of 1035-^1460 reso- 
nance units (which represent values indicating attenuation angles of reflected light in the surface plasmon reso- 
nance and which reflect the mass variations of a solid surface) was noted, and this suggested that the complex was 
bound on the sensor chip ttirough its biotin-streptavidin binding. 

(1-6) When the solid phase bound to the complex as prepared in Step (1 -5) was reacted with a solution of 10 mM 
sodium hydroxide at 37*'C for 1 min. its mass variations were obsen/ed wrth the surface plasnrwn resonance sensor. 
An inaease of 622-859 resonance units was noted, and this suggests tiiat the sequence having retained two 
probes in proximity with each otiier was dissociated by alkaline denaturation. 

(1-7) When ttie solid phase as described in Step (1-6) where the sequence having retained two probes in proximity 
with each other had been dissociated was again reacted with the same target nudeic acid A (2250 nM) in 1 xSSPE 
at 37«C for 4 min. its mass variations were observed with the suriace plasmon resonance sensor. An increase of 
656-704 resonance units was noted, and it ascertained that the solid phase prepared in Step (1-6) hybridized to 
the sequence of the target nucleic add. Also, the amount of this binding is nearly equal to that of the target nudeic 
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ackj which was used to retain the two probes in proximity with each other and was removed. This result suggests 
that the solid phase prepared in Step (1-6) efficiently binds to the target nudeic acid. 

EXAMPLE 2 

5 

Ligase Ligation on a Solid Phase 

(Solid Phase Ligation of Probes Hybridized in a Liquid Phase to Specified Sequences of the Target Nucleic Acid) 

(2-1) The probes obtained in Steps (1-1) and (1-2) of Example 1 (each 400 nM) and the sequence (400 nM) 
10 obtained in Step (1 -3) and capable of retaining the two probes in proximity with each other were mixed in IxSSPE. 
heated In boiling water for 3 min to effect denaturation, and then maintained at 55*C for 10 min to eflecl hytwidiza- 
tion. 

(2-2) The complex between the probes and the sequence capable of retaining the two probes in proximity with each 
other as prepared in Step (2-1) was reacted with the BIAcore sensor chip SA5 coated with streptavidin at 37*0 for 

15 4 min. achieving its binding through the biotin-streptavidin binding. 

(2-3) After the solid phase t>ound to the complex as prepared in Step (2-2) was reacted with T4DNA ligase (T4 DNA 
Ugase, 3500 lU/ml available from TAKARA SHUZO Co. Ltd.) diluted with a reaction buffer as attached at ST'C for 
20 min, it was twice (each at 37*»C for 1 min) washed with 0.1% SDS (sodium dodecyl sulfate) to remove the 
enzyme, and further reacted with a solution of 10 mM sodium hydroxide at 37**C for 1 min, whereby the sequence 

so having retained two probes in proximity with each other was dissociated. 

(2-4) After the solid phase subjected to the manipulation as described in (2-3) was reacted with Exonuclease I 
(2500 unit/ml; availak>le from Amersham Inc.) diluted with a 67 mM glycine-sodium hydroxide buffer (pH 9.5) con- 
taining 10 mM 2-mercaptoethanol and 6.7 mM magnesium chloride at 37»C for 20 min, it was twice (each at 37«C 
for 1 min) washed with 0.1% SDS to remove the enzyme. Mass variations of the solid phase in this manipulation 

25 were observed with the surface plasmon resonance sensor. Although the decrease remained as small as 93-103 
resonance units, a decrease of 173-21 3 resonance units In the solid phase mass was noted In the case where tiie 
solid phase was not subjected to the action of a ligase as in Step (2-3). These results suggest that the two probes 
retained in proximity witii each other tsy the target sequence have gained resistance to tiie exonudease digestion 
k>y being bound on the solid phase ttirough the ligase. 

30 

EXAMPLES 

Ugase Ligation on the Solid Phase 

(Solid Phase Ugatlon of Probes Hybridized on a Solid Phase to Specified Sequences of the Target Nucleic Add) 

35 

Employing the solid phase prepared in Step (1-7) on which the probes and the specified sequences of the target 
nudeic acid were bound again, the ligation with ligase as described in Step (2-3) of Example 2 was carried out and 
thereafter, the target nucleic acid was dissociated by reaction with a 1 0 mM sodium hydroxide solution at 37*C for 1 min. 
Mass variations of the solid phase by digestion with an exonuclease as described in Step (2-4) were observed with the 
40 surface plasmon resonance sensor. Although the decrease remained as small as 65 units, a decrease of as large as 
163 resonance units in the solid phase mass was noted in ttie case where the sdid phase was not subjected to tiie 
action of ligase. These results suggest that when the two probes bound to an immobilization medium are allowed to 
hybridize with the target nucleic acid, they can be ligated with a ligase by being in proximity with each other. 

45 COMPARATIVE EXAMPLE 1 

After Probe A (340 nM) diluted with a TE buffer (1 0 mM TrIs-HCI buffer containing 1 mM ethyl enediaminetetraacetic 
acid: pH 8.0) was heated in t>oiling water for 3 min. it was immediately ice-cooled to provide a sample. The sample was 
observed under a BIAcore sensor chip SAS coated with streptavidin at 37^0 for 4 min and an increase of 90 resonance 
so units was noted. Specifically, this suggests that Probe A. which is single-stranded, can scarcely bind to the solid phase 
by itself. 

COMPARATIVE EXAMPLE 2 After Probe B (775 nM) diluted with a TE buffer was heated in boiling water for 3 min. it 
was immediately ice-coded to provide a sample. The sample was observed under the BIAcore sensor chip SA5 coated 
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with streptavidin at 37»C for 4 min and an increase of 91 resonance units was noted. Specifically, this suggests that 
Prolje B. which is single-stranded, can scarcely bind to the solid phase by itself. 



COMPARATIVE EXAMPLE 3 

* Probe C ( 5' (P)-TAGTGGATCCCCCGGGCTGCAGGAATTCGA TATCAAGCTT-(biotin) 3*; 25 (iM) and probe D (5' 

(biotin)-GCQAATTGGAGCTCCACCGC GGTGGCGGCCGCTCTAGAAC-3'; 25 ^M). both ot which were diluted wfth a 
TE buffer were mixed in equal volumes, heated in boiling water for 3 min and thereafter, immediately ice-cooled to pro- 
vide a sample. The sample was observed under the BIAcore sensor chip SA5 coated with streptavidin at 37°C for 1 -4 

TO min. when an increase of 84-99 resonance units vras noted. w ^ 

Specifically, this suggests that the two probes. Probes C and D, upon mere mixing do not suffioenHy birxl to the 
solid phase. 



EXAMPLE 4 

Probe C (1 70 nM) and Probe D (180 nM). both diluted with a TE buffer, and a sequence for probe ligation diluted 
with IxSSPE ( S'-GCAGCCCGGG GGATCCACTAAGTTCTAGAGCGGCCGCCACC-3': this sequence is the one that is 
obtained by insertion of "A" into the sequence of the target nucleic acid at its middle part (used in Example 1) and is 
able to position the two probes being aligned, but it contains a mismatch; 1 .2 ^M) were mixed in a volume ratio of 2:2:1 . 
20 heated in boiling water for 3 min to eHect denaturation. and thereafter, were maintained at 55°C for 10 min to prawdea 
hybridized sample. When the sample was reacted with the BIAcore sensor chip SA5 coated with streptavidin at 37°C 
for 4 min. mass variations of the solid phase were observed with the surface plasmon resonance sensor. An increase 

of 330 resonance units was noted. _w i- »• 

This suggests that where Probes C and D have been allowed to prehybridize with the sequence for probe ligation. 
25 an improvement in the amount of immobilization is recognized. 



EXAMPLES 

Probe A (340 nM) and Probe B (775 nM). both diluted with a TE buffer, and the sequence for probe ligation (1.2 
30 uM) diluted with IxSSPE were mixed in a volume ratio of 2:2: 1 . heated in boiling water for 3 min to effect denaturation 
and thereafter, were maintained at 55°C for 10 min to provide a hybridized sample. When the sample was reacted with 
the BIAcore sensor chp SA5 coated with streptavidin at 37°C for 4 min. mass variations of the solid phase were 
observed with the surface plasmon resonance sensor. An increase of 1 173 resonance units was noted. 

This suggests that where Probes A and B have been allowed to prehybridize with the sequence for probe ligation. 
35 an improvement in the amount of immobilization is recognized. 



EXAMPLES 

Probes A and B (each 400 nM). and the target nucleic acid A (400 nM) capable of retaining these probes in prox- 
40 imity with each other were mixed in IxSSPE. the mixed solution was heated at 100-C for 5 min to effect denaturation 
and thereafter, maintained at 5S°Cfbr 10 mm to effect hybridzation. forming a complex. 

The above-mentioned complex was diluted 10-fold with IxSSPE and reacted with the BIAcore sensor chip SA5 
coated wHh streptavidin at 37°C for 5 min. achieving its binding through the Wotin-streptavidin binding. Thereafter, it 
was successively washed with 0.1% SDS. 10 mM sodium hydroxide, and 10 mM hydrochloric acid each at 37°C for 1 
45 min to remove the target nucleic acid A and to form a solid phase for the detection of any target nucleic acid. 

When the above-mentioned solid phase for the detection of a target nucleic acid was reacted with samples which 
had been diluted with IxSSPE to provide 400 nM of respective sequences as described below, their mass vanations 
were observed writh the surface plasmon resonance sensor. Increases of 407-769 resonance units were noted. This 
suggests that since any of the sequences binds to the solid phase, the nucleic acid sequence to be detected can not 
so be distinguished from nucleic adds differing to slight degrees in terms of the binding amounts based on hybridization. 
The sequences which were used as samples are as fbilows: 



Target Nucleic Acid A; 

S'-GCAGCCCGGG GGATCCACTA GTTCTAGAGC GGCCGCCACC-3' 

S5 Sequence A devoid of one base: 

5-GCAGCCGGGG GGATCCACT GTTCTAGAGC GGCCGCCACC-3' 
Sequence B devoid of one base; 

S'-GCAGCCCGGG GGATCCACTA TTCTAGAGC GGCCGCCACC-3' 
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Sequence with one extra base; 

5*-GCAGCCCGGG GGATCCACTAAGTTCTAGAGC GGCCGCCACC-3* 

Sequence A sii>stitutecl in one base; 

5'-GCAQCCCGGG GGATCCACTT GTTCTAGAGC GGCCGCCACC-3' 
Sequence B substituted in one base; 

5-GCAGCCCGGG GGATCCACTG GTTCTAGAGC GGCCQCCACC-3' 
Sequence 0 substituted in one base; 

S-GCAGCCCGGG GGATCCACTC GTTCTAGAGC GQCCGCGACC-3' 
Sequence D substituted in one base; 

5'-GCAGCCCGGG GGATCCACTA ATTCTAGAGC GGCCGCCACC-3* 
Sequence E si^tituted in one base; 

5'-GCAGCCCGGG GGATCCACTA TTTCTAGAGC GGCCGCCACC-3' 
Sequence F substituted in one base; 

5'-GCAGCCCGGG GGATCCACTA CTTCTAGAGC GGCCGCCACC-3' 

This solid phase was reacted with T4 DNA ligase (3500 lU/ml) diluted with a reaction buffer as attached at 37^0 for 
5 min and successively washed witti 0.1% SDS, 10 mM sodium hydroxide, and 10 mM hydrochloric acid each at 37^C 
for 1 min to remove the ligase and the samples as well. 

This solid phase was reacted with Exonuclease I (1000 unit/ml) diluted witti a 67 mM glycine-sodium hydroxide 
buffer (pH 9.5) containing 10 mM 2-mercaptoetiianol and 6.7 mM magnesium chloride at 37®C for 20 min and it was 
further washed with a TE buffer for 30 min, when mass variations of the solid phase were observed with the surface 
plasmon resonance sensor. Alttnough the decrease remained as small as 50-54 resonance units when the nucleic add 
A was reacted, decreases of 123 and 131 resonance units were noted for the sequence A devoid off one base and a 
decrease of as large as 125 resonance units was noted for ttie sequence with one extra base. Further, also in the case 
of tiie sequence with substitution of one base, the mass decrease of the solid phase on tiie order of 64- 1 35 resonance 
units was noted, afthough there were differences depending upon tiie type of substitution, which was greater tiian those 
obtained when the target nucleic acid was reacted. 

This suggests ttiat the method of this invention can recognize such a slight difference in sequence as will not be 
distinguished by the binding amounts based on hybridization. 



Sequences to be tested 


Solid phase mass variations (RU) 




Immobilization step 


Hybridization step 


Digestion step 


Target nucleic acid A 


654 


596 


-54 


Target nucleic acid A 


571 


527 


-50 


Target nucleic acid A 


452 


451 


-51 


Sequence with one extra base 


578 


407 


-125 


Sequence A devoid of one base 


571 


509 


-123 


Sequence B de^^oid of one base 


604 


502 


-131 


Sequence A substituted in one base 


569 


404 


-68 


Sequence B substituted in one base 


565 


520 


-119 


Sequence C substituted in one base 


612 


769 


-96 


Sequence D substituted in one base 


524 


493 


-64 


Sequence E substituted in one base 


559 


460 


-85 


Sequence F substituted in one base 


575 


518 


-135 



EXAMPLE 7 

Probes A and D (each 400 nM), and the target nucleic acid B 
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(5'-GCAGCCCGGG 
GGATCCACTAGTTCTAGAGCGGCCGCCACCGCGGTGGAGCTCCAATTCGC- 

3 ' ; 400 nM) 

capable of retaining these probes in proximity with each other were mixed In ixSSPE. the mixed solution was heated 
at 1 00*»C for 5 min to effect denaturation and thereafter, maintained at 55**C for 10 min to effect hybridization, forming a 
complex. 

The above-mentioned conplex was diluted 10-fold with IxSSPE and reacted witti the BIAcore sensor diip SA 
coated with streptavidin (available from Phamiacia Biotech Inc.) at 37**C for 5 min. acNeving its binding through the 
biotin-streptavidin binding. Thereafter, it was successively washed with 0.1% SDS, 10 mM sodium hydroxide, and 10 
mM hydrochloric acid each at 37**C for 1 min to remove the target nucleic acid B and to form a solid phase for the detec- 
tion of any target nucleic acid. 

When the above-mentioned solid phase for the detection of a target nucleic add was reacted with samples at 37°C 
for 10 min which had been diluted wrth IxSSPE to provide 400 nM of respective sequences as described below, their 
mass variations were observed with the surface plasmon resonance sensor Increases off 352-373 resonance units 
were noted. This suggests that since any of the sequences binds to the solid phase, the nucleic add sequence to be 
detected can not be distinguished from nudeic acids differing to slight degrees in temis of the binding amounts based 
on hybridization. The sequences that were used as samples are as follows: 

Target Nucleic Acid A; 

5-GCAGGCCGGG GGATCCACTA GTTCTAGAGC GGCCGCCACC-3* 
Sequence A devoid of one base; 

5*-GCAGGCCGGG GGATGCAGTG TTCTAGAGCG GCGGCGACC-3* 
Sequence with one extra base; 

ff-GCAGCCCGGG GGATCCACTAA GTTCTAGAGC GGCCGCCACC-3' 

This solid phase was reacted with T4 DNA ligase (3500 lU/mO diluted with a reaction buffer as attached at 37^C for 
5 min and successively washed with 0.1% SDS, 10 mM sodium hydroxide, and 10 mM hydrochloric acid each at 37°C 
for 1 min to remove the ligase and the samples as well. 

When this solid phase was reacted with a padlock probe (5*-GCGGTGGAGC TCCAATTCGC 
immil l lllllll i millll l MimUim i ll 1 1 l l l l l IGTTGTAGAGCGGCCGGCACC-3^ which was 
diluted with IxSSPE to provide a concentration off 400 nM, at 3r*C for 10 min. mass variations of the solid phase were 
observed with the surface plasmon resonance sensor. An increase of 192-235 resonance units was noted. This sug- 
gests that the padlock probe has bound to Probe D. 

After this solid phase was reacted with T4 DNA ligase (3500 lU/ml) diluted with a reaction buffer as attached at 
37*=*C for 5 min to ligate the padlock probe and cydized. it was successively washed with 0.1% SDS. 10 mM sodium 
hydroxide, and 10 mM hydrochloric acid each at ZfC for 1 min to remove the ligase as well as to dissodate the padlock 
probe. At this point, mass variations of the solid phase were observed with the surface plasmon resonance sensor. 
Although the decrease remained as small as 80 units in the case where the target nucleic acid A was reacted, a 
decrease of as large as 143 resonance units was noted for Sequence A devoid of one k>ase, 130 resonance units for 
the sequence with one extra base noted, and further 132 resonance units noted in the case where absolutely no target 
nudeic ackl was allowed to act upon the sdid phase. 

This suggests that the detection method using the padlock probe can also recognize such a slight difference in 
sequence as will not be distinguished by the binding amounts based on hybridization. 



Types off target 
sequences 


Solid phase mass variations (RU) 




Immobilization step 


Hybridization step 


binding with p>adlock 


Dissociation of pad- 
lock 


Target nudeic acid A 


524 


365 


192 


-80 
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(continued) 



Types of target 
sequences 


Solid phase mass variations (RU) 




Inrvnobilization step 


Hybridization step 


binding with padlock 


Dissociation of pad- 
lock 


No target nuc!eic add 


531 


-9 


234 


-132 


Sequence A Devoid of 
one base 


561 


352 


235 


-143 


Sequence with One 
extra base 


518 


373 


221 


-130 



,5 EXAMPLE 8 

Methcxi of Forming No Complex 

Probes A and B (each 400 nM) were mixed in IxSSPE, the mixed solution was heated at 100*»C for 5 min to effect 

20 denaturation and thereafter, it was Immediately ice-cooled. 

The above-mentioned probes were diluted 50-fold with IxSSPE and reacted with the BlAcore sensor chip SA 
coated with streptavidin at 37°C for 5 min, achieving their binding through the biotin-streptavidin binding. Thereafter, the 
solid phase was successively washed with 0.1% SDS. 10 mM sodium hydroxide, and 10 mM hydrochloric acid each at 
37**C for 1 min to remove the target nucleic acid A and to form a solid phase for the detection of any target nucleic add. 

2B When the at>ove-mentioned solid phase for the detection of a target nucleic acid was reacted with samples at 37^C 
for 10 min which had been diluted with IxSSPE to provide 400 nM of respective sequences as described below, their 
mass variations were observed with the surface plasmon resonance sensor. Increases of 597-624 resonance units 
were rioted. 

The sequences that were used as samples are as follows: 

30 

Target Nudeic Add A; 

S'-GCAGCCCGGQ GGATCCACTA GTTCTAGAGC GGCCGCCACC-S' 
Sequence A devoid of one t>ase; 

S'-GCAGCCCGGG GGATCCACT GTTCTAGAGC GGCCGCCACC-3* 
35 Sequence with one extra base; 

5'-GCAGCCCGGG GGATCCACTAAG TTCTAGAGC GGCCGCCACC-3* 

This solid phase was reacted with T4 DNA ligase (3500 lU/ml) diluted with a reaction buffer as attached at 37^C for 
5 min and successively washed with 0.1% SDS. 10 mM sodium hydroxide, and 10 mM hydrochloric acid each at 37^C 
AO for 1 min to remove the ligase and the samples as well. 

This solid phase was reacted with Exonudease I (200 unit/ml; availafcjle from Amersham Inc.) diluted with a 67 mM 
glycine-sodlum hydroxide buffer (pH 9.5) containing 10 mM 2-mercaptoethanol and 6.7 mM magnesium chloride at 
37**C for 20 min and further washed with a TE buffer for 30 min. when mass variations of the solid phase were ot>served 
with the surface plasmon resonance sensor. Although the decrease remained as small as 39 resonance units in the 
45 case where the target nucleic add A was reacted, a decrease of as large as 131 resonance units was noted for 
Sequence A devoid of one t>ase. 125 resonance units for the sequence with one extra base noted, and further 174 res- 
onance units noted in the case where absolutely no target nucleic add was allowed to act upon the solid phase. 

This suggests that the immobilization method not forming a complex in advance can also recognize nucleic acids 
which differ to slight degrees from the nucleic acid to t)e detected. However, where the nucleic acid is reacted v«th the 
50 solid phase, a decrease in the mass of the solid phase ascribable to the digestion of unreacted probes is noted in a con- 
siderak^le number of cases, which makes it difficult to judge the results. 
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Solid phase mass variations (RU) 




Immobilization step 


Hybridization step 


Digestion step 


Target nucleic acid A 


547 


597 


-39 


No target nucleic acid 


513 


-7 


-174 


Sequence A devoid of one base 


521 


624 


-131 


Sequence with one extra base 


484 


609 


-125 



EXAMPLES 

Method of Forming a Complex 

Probes A and B (each 400 nM). and the target nucleic acid A (400 nM) capable of retaining these probes in prox- 
imity with each other were mixed in IxSSPE. the mixed solution was heated at 100'C for 5 min to effect denaturation 
and thereafter, maintained at 55°C for 10 min to effect hybricfization. forming a complex. 

The above-mentioned solution was charged on an ion-exchange high performance liquid chromatography column 
DNA-NPR (available from Toso Co. Ltd,), eluted with sodium chloride gradients containing a 20 mM Tris-HCI buffer and 
a major peak found in the vicinity of a sodium chloride concentration of 457 mM was fractionated to obtain a complex. 
The complex was reacted wHh the BIAcore sensor chip SA coated with streptavidin at 37^C for 5 min. achieving its bind- 
ing through the biotin-streplavidin binding. Thereafter, the solid phase was successively washed with 0.1% SDS, 10 mM 
sodium hydroxide, and 10 mM hydrochloric add each at ST^C for 1 min to remove the target nucleic acid A and to form 
a solid phase for the detection of any target nucleic acid. 

When the above-mentioned solid phase for the detection of a target nucleic add was reacted with samples at 37^C 
for 10 min which had tjeen diluted with IxSSPE to provide 400 nM of respective sequences as described below, their 
mass variations were observed with the surface plasmon resonance sensor. Inaeases of 639--705 resonance units 
were noted. 

The sequences that were used as samples are as follows: 

Target Nucleic Acid A; 

5*-GCAGCCCGGG GGATCCACTA GTTCTAGAGC GGCCGCCACC-3' 
Sequence A devoid of one base; 

S-GCAGCCCGGG GGATCCACT GTTCTAGAGC GGCCGCCACC-3' 
Sequence with one extra base; 

5 -GCAGCCCGGQ GGATCCACTAAG TTCTAGAQC GGCCGCCACC-3' 

This solid phase was reacted with T4 DNA ligase (3500 lU/ml) diluted with a reaction buffer as attached at 37^C for 
5 min and successively washed with 0.1% SDS. 10 mM sodium t^droxide, and 10 mM hydrochloric acid each at 37**C 
for 1 min to remove the ligase and the samples as well. 

This solid phase was reacted with Exonuclease I (200 uniVml) diluted with a 67 mM glydne-sodium hydroxide 
buffer (pH 9.5) containing 10 mM 2-mercaptoethanol and 6.7 mM magnesium chloride at 37^C for 20 min and rt was 
further washed with a TE buffer for 30 min. when mass variations of the solid phase were obsen^ed with the surface 
plasmon resonance sensor. Although the decrease remained as small as 7 resonance units in the case where the tar- 
get nucleic acid A was reacted, a decrease of as large as 105 resonance units vras noted for Sequence A devoid of one 
base. 113 resonance units for the sequence with one extra base noted, and further 160 resonance units noted in the 
case where absolutely no target nucleic add was allowed to act upon the solid phase. 

This suggests that with the use of the immobilization method for forming a complex in advance, the target sequence 
can be more dearly distinguished from other sequences. 
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Solid phase mass variations (RU) 




Inrmnobitization step 


Hybridization step 


Digestion step 


Target nucleic add A 


471 


705 


-7 


no target nucleic acid 


453 


-2 


-160 


Sequence A devoid of one base 


448 


639 


-105 


Sequence with one extra base 


460 


655 


-113 



INDUSTRIAL APPLICABILITY 

15 

In accordance with this invention, solid phases for the detection cf target nucleic acids based on the preparation 
methods of the solid phase for the detection of target nucleic acids and methods of detecting target nucleic acids 
employing said solid phases for the detection of target nucleic acids allow a wide variety of target nucleic adds in a sam- 
ple to be simultaneously detected with ease, rapidity, and high accuracy as well as allows a large number of base 
20 sequence groups contained in target nucleic acids to be simultaneously detected with high accuracy. 
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SEQUENCE LISTING 

SEQ ZD NO: 1 
LENGTH: 2 0 
TYPE: nucleic acid 
STRANDED NESS : single 
TOPOLOGY: linear 
MOLECULE TYPE: DNA 

FEATURE: 3 ' -end is labeled with biotin and S'*end phosphory la ted 
SEQUENCE DESCRIPTION: SEQ ID NO: I 
TAGTGGATCC CCCGGGCTGC 2 0 



25 



30 



SEQ ID NO: 2 
LENGTH: 20 
TYPE: nucleic acid 
STRANDEDNE5S : single 
TOPOLOGY: linear 
MOLECULE TYPE: DNA 
^ FEATURE: 5 '-end is labeled with biotin 

SEQUENCE DESCRIPTION: SEQ ID NO: 2 
GGTGGCGGCC GCTCTAGAAC 2 0 

40 

SEQ ID NO: 3 
45 LENGTH: 40 

TYPE: nucleic acid 
STRANDEONESS : single 
TOPOLOGY: linear 



SO 
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MOLECULE TYPE: DNA 
5 SEQUENCE DESCRIPTION: SEQ ID NO: 3 

GCACCCCGGC GGATCCACTA GTTCTAGAGC GGCCGCCACC 4 0 

70 

SEQ ID NO: 4 

LENGTH: 4 0 

TYPE: nucleic acid 

15 

STRANDEDNESS : single 
TOPOLOGY: linear 
^ MOLECULE TYPE: DNA 

FEATURE: 3 ' -end is labeled with biotin and 5 '-end phos phoryla ted 
SEQUENCE DESCRIPTION: SEQ ID NO: 4 

TAGTGGATCC CCCGGGCTGC AGGAATTCGA TATCAAGCTT 4 0 



25 



30 SEQ ID NO: 5 

LENGTH: 4 0 
TYPE: nucleic acid 
STRANDEDNSSS : single 
TOPOLOGY: linear 
MOLECULE TYPE: DNA 
FEATURE: 5 ' -end is labeled with biotin 
SEQUENCE DESCRIPTION: SEQ ID NO: S 
^ GCGAATTGGA GCTCCACCGC GGTCGCGGCC GCTCTAGAAC 4 0 



35 



40 



50 



55 



SCO ID NO: 6 
LENGTH: 4 1 
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TYPE: nucleic acid 
STRANDEDNESS: single 
TOPOLOGY: linear 
MOLECULE TYPE: DMA 
SEQUENCE DESCRIPTION: 6 

GCAGCCCGGG GCATCCACTA AGTTCTAGAG CGGCCGCCAC C 

SEQ ID MO: 7 

LENGTH: 3 9 

TYPE: nucleic acid 

STRANDEDNESS : single 

TOPOLOGY: linear 

MOLECULE TYPE: DNA 

SEQUENCE DESCRIPTION: 7 

GCAGCCCGGG GGATCCACTG TTCTAGAGCG GCCGCCACC 29 

SEQ ID NO: 8 
LENGTH: 3 9 
TYPE: nucleic acid 
STRANDEDNESS: single 
TOPOLOGY: linear 
MOLECULE TYPE: DNA 

SEQUENCE DESCRIPTION: SEQ ID NO: 8 
GCAGCCCGGG GCATCCACTA TTCTAGAGCG GCCGCCACC 39 
SEQ ID NO: 9 
LENGTH: 4 0 
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TYPE: nucloic acid 
STRANDEDXIESS : single 
TOPOLOGY: linear 
MOLECULE TYPE: DNA 

SEQUENCE DESCRIPTION: SEQ ID NO: 9 
GCAGCCCGGG GGATCCACTT GTTCTAGAGC GGCCGCCACC 

SEQ ID NO: 10 
LENGTH: 4 0 
TYPE: nucleic acid 
STRANDEDNESS : single 
TOPOLOGY: linear 
MOLECULE TYPE: DNA 

SEQUENCE DESCRIPTION: SEQ ID NO: 10 
GCAGCCCGGG GGATCCACTG GTTCTAGAGC GGCCGCCACC 

SEQ ID NO: 11 
LENGTH: 40 
TYPE: nucleic acid 
STRANDEDNESS : s ingle 
TOPOLOGY: linear 
MOLECULE TYPE: DNA 

SEQUENCE DESCRIPTION: SEQ ID NO: IX 
GCAGCCCGGG GGATCCACTC GTTCTAGAGC GGCCGCCACC 
SEQ ID NO: 12 
LENGTH: 40 
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TYPS: nucleic acid 
STRAMDEDHESS : s ingle 

5 

TOPOLOGY: linear 
MOLECULE TYPE: DHA 
»0 SEQUENCE DESCRIPTION: SEQ ID NO: 12 

CCAGCCCGGG GGATCCACTA ATTCTAGAGC GGCCGCCACC 4 0 



IS 



20 



25 



30 



35 



40 



SO 



SEQ ID HO: 13 
LENGTH: 4 0 
TYPE: nucleic acid 
STRANDEDNESS: single 
TOPOLOGY: linear 
MOLECULE TYPE: DHA 

SEQUENCE DESCRIPTION: SEQ ID NO: 13 

GCAGCCCGGG GGATCCACTA TTTCTAGAGC GGCCGCCACC 4 0 



SEQ ID NO: 14 
LENGTH: 4 0 
TYPE: nucleic acid 
STRANDEDNESS: single 
TOPOLOGY: linear 
MOLECULE TYPE: DNA 
45 SEQUENCE DESCRIPTION: SEQ ID NO; 14 

GCAGCCCGGG GGATCCACTA CTTCTACAGC GGCCGCCACC 4 0 
SEQ ID NO: IS 
LENGTH: 60 
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TYPC: nucleic acid 
STRANDEDNESSs single 

5 

TOPOLOGY: linear 
MOLECULE TYPE: DNA 
^0 SBQUEHCE DESCRIPTION: SEQ ID NO: 15 

GCAGCCCGGG GGATCCACTA GTTCTAGAGC GGCCGCCACC GCGGTGGAGC TCCAATTCGC 6 0 

75 

SEQ XD NO: 16 

LENGTH: 9 0 
20 TYPE: nacleic acid 

STRANDEDNESS: single 

TOPOLOGY: linear 
^ MOLECULE TYPE: DNA 

FEATURE: 5 '-end is phos phory lated 

SEQUENCE DESCRIPTION; SEQ ID NO: 16 

30 

GCGGTGGAGC TCCAATTCGC TTTTTTTTTT TTTTTTTTTT TTTTTTTTTT TTTTTTTTTT 60 
TTTTTTTTTT GTTCTAGAGC GGCCGCCACC 9 0 

35 
40 
45 
SO 
55 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION: 

(I) APPLICANT: ^ ^ ^.^^ 

(A) NAME: Uboratory of Molecular Biophotonics 

(B) STREET: 5000 Hirakuchi 

(C) CITY: Hamakita-shi. Shizuoka 

(D) STATE: 

(E) COUNTRY: Japan 

(F) POSTAL CODE (ZIP): 434-0555 

fin TITLE OF INVENTION: SOLID PHASES FOR DETECTION OF TARGET NUCLEIC 
® ISS PfSaR^^ METHODS THEREOF AND METHODS OF 
DETECTING TARGET NUCLEIC ACIDS 

Gil) NUMBER OF SEQUENCES: 16 

(Iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compaUble 

C) OPERATING SYSTEM: PpDOSJ^S-D^^^ 

(D) SOFTWARE: Patenlln Release #1 .0, Version #1 .30 (EPO) 

(2) INFORMATION FOR SEQ ID NO: 1: 

O) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 l>ase pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

U fSSrE^ IS labeled with biotin and 5 -end is phosphorylaied 
00 MOLECULE TYPE: other nucleic acid 



(xl) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 
TAGTGGATCC CCCGGGCTGC 20 
(2) INFORMATION FOR SEQ ID NO: 2: 

(0 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
CO) TOPOLOGY: linear 

© FEATURES: S'-end is labeled with biotin 

00 MOLECULE TYPE: other nucleic add 

(XO SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
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GGT6GC6GCC GCTCTAGAAC 

(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 40 base pairs 

(B) TYPE: nucietc acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

{iO MOLECULE TYPE: other nucleic acid 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
GCAGCCCGGG GGATCCACTA GTTCTAGAGC GGCCGCCACC 
(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 40 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear . ^ 

(E) FEATURES: y-end is labeled with biotin and 5*-end is phosphorylated 

(ii) MOLECULE TYPE: other nucleic acid 



(xl) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
TAGTGGATCC CCCGGGCTGC AGGAATTCGA TATCAAGCTT 
(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 40 base pairs 

(B) TYPE: nucleic add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(E) FEATURES: 5'-end is labeled with biotin 



Oi) MOLECULE TYPE: other nucleic acid 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

GCGAATTGGA GCTCCACCGC GGTGGCGGCC GCTCTAGAAC 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 41 base pairs 



0887S0eA1.L: 



22 



EP0867 506 A1 



(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 



(xO SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
GCAGCCCGGG GGATCCACTA AGTTCTAGAG CGGCCGCCAC C 
(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 39 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

00 MOLECULE TYPE: other nudetc acid 



(xO SEQUENCE DESCRIPTION: SEQ ID NO: 7: 
GCAGCCCGGG GGATCCACTG TTCTAGAGCG GCCGCCACC 
(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 39 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
P) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nudeic acid 



(xO SEQUENCE DESCRIPTION: SEQ ID NO: 8: 
GCAGCCCGGG GGATCCACTA TTCTAGAGCG GCCGCCACC 
(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) l-ENGTH: 40 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
P) TOPOLOGY: linear 

fii) MOLECULE TYPE: Other nucleic acid 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 
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GCAGCCCGGG GGATCCACTT GTTCTAGAGC GGCCGCCACC 40 
(2) INFORMATION FOR SEQ ID NO: 10: 

0) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 40 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

10 

(iD MOL£CULE TYPE: other nucleic acid 



»5 {xO SEQUENCE DESCRIPTION: SEQ ID NO: 1 0: 

GCAGCCCGGG GGATCCACTG GTTCTAGAGC GGCCGCCACC 40 
(2) INFORMATION FOR SEQ ID NO: 11: 

^ (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 40 base pairs 

(B) TYPE: nucleic add 

(C) STRANDEDNESS: Single 
P) TOPOLOGY: linear 

25 pi) MOLECUI^ TYPE: other nucleic add 



(xO SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

30 

GCAGCCCGGG GGATCCACTC GTTCTAGAGC GGCCGCCACC 

(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 
^ (A) LENGTH: 40 base pairs 

(B) TYPE: nudeic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

Oi) MOLECULE TYPE: other nudeic add 

40 



(xO SEQUENCE DESCRIPTION: SEQ ID NO: 12: 
GCAGCCCGGG GGATCCACTA ATTCTAGAGC GGCCGCCACC 
(2) INFORMATION FOR SEQ ID Na 13: 

0 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 40 base pairs 

(B) TYPE: nudeic add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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00 MOLECULE TYPE: other nucleic acid ' 

5 

(XI) SEQUENCE DESCRiPTION: SEQ ID NO: 13: 
GCAGCCCGGG GGATCCACTA TTTCTAGAGC GGCCGCCACC 40 
70 (2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 40 base pairs 

(B) TYPE: nucleic add 

(C) STRANDEDNESS: single 
IS (O) TOPOLOGY: linear 

Oi) MOLECULE TYPE: other nucleic add 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 
GCAGCCCGGG GGATCCACTA CTTCTAGAGC GGCCGCCACC 
(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 60 base pairs 

(B) TYPE: nucleic add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(11) MOLECULE TYPE: other nudeic add 



(XI) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 
GCAGCCCGGG GGATCCACTA GTTCTAGAGC GGCCGCCACC GCGGTGGAGC 
TCCAATTCGC 60 

40 

(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 90 base pairs 

(B) TYPE: nudeic add 

<s (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(li) MOLECULE TYPE: other nudeic add 



50 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 
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GCGGTGGAGC TCCAATTCGC M I I I I I I N I I I M I I M I I I I I I I I I I I I I I I I I I I I I 
60 

NNUmi GTTCTAGAGC GGCCGCCACC 90 
2 



Claims 



1 . A solid phase for the detection of a target nucleic acid conrprising a pair of probes, said pair of probes having a base 
sequence capable of sequentially hybridizing with a specified polynucleotide sequence of said target nucleic acid 
and being immobilized on said solid phase through a linker portion in such a manner as to occupy a restricted spa- 
tial arrangement so that the probes can be ligated by an enzyme when the probes sequentially hybridize with the 
specified polynucleotide sequence of said target nucleic acid. 

2. The solid phase for the detection of a target nucleic acid according to claim 1 . being produced by the step wherein 
the pair of probes immobilized through the linker portion in such a manner as to occupy a restricted spatial arrange- 
ment hybridizes with the target nucleic add to form a complex. 

3. The solid phase lor detection according to claim 1 . wherein at least one of the pair of probes is further provided with 
a base sequence capable of hybridizing with a padlock probe. 

4. A method of preparing a solid phase for the detection of a target nucleic acid, said method comprising the steps of: 

(1 ) hybridizing a pair of probes with the target nudeic acid to form a complex, said pair of probes having a base 
sequence capable of sequentially hybridizing with a specified pdynucleotide sequence of said target nucleic 
acid; 

(2) immobilizing the pair of probes having formed the complex, on a surface of the solid phase through a linker 
portion; and 

(3) denaturing and removing said target nucleic add. 

5. The method of preparation according to daim 4, wherein the linker portion is famed by a binding reaction of biotin 
with avidin or streptavldin. 

6. The method of preparation according to daim 4. wherein at least one of the pair of probes is further provided with 
a base sequence capable of hybrkiizing with a padlock probe. 

7. A solid phase for detection being produced by the method of preparation accorcfing to daim 4. 

8. A method of detecting a target nucleic acid comprising the steps of: 

(1) hybridizing a sdid phase for the detection of a target nudeic add with the target nucleic add to form a com- 
plex, said solid phase comprising a pair of probes, said pair of probes having a kjase sequence capable of 
sequentially hybridizing with a specified polynucleotide sequence of said target nudeic acid and being immo- 
bilized on said solid phase through a linker portion in such a manner as to occupy a restricted spatial an^ange- 
mert so that the probes can be ligated by an enzyme when the probes sequentially hybrkJize with the specified 
polynucleotide sequence of said target rujcleic add; 

(2) ligating the pair of probes by a ligase reactk)n of the complex to form a ligation product; and 

(3) detecting the ligation product. 

9. The method of detection according to claim 8. wherein the ligation product is detected based on a resistance activ- 
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hy thereof against exonuclease digestion in the step for detection of the ligation product 

1 0. The method of detection according to claim 9. wherein the resistarrce activity of the ligation product against the exo- 
nuclease digestion is detected based on mass variations of the solid phase lor the detection of a target nucleic add. 

5 

1 1 . The method of detection according to claim 1 0, wherein the mass variations of the solid phase for the detection of 
a target nudeic add is based on fluctuations of reflective index as determined by surface plasmon resonance sen- 
sor. 

70 12. A method of detecting a target nucleic add comprising the steps of: 

(1) hybridizing a solid phase for the detection of a target nudeic add with the target nucleic acid to form a com- 
plex, said solid phase comprising a pair of probes, said pair of probes having a base sequence capatjie of 
sequentially hybridizing with a specified polynudeotide sequence of said target nucleic add and a base 

IS sequence capable of hybridizing with a padlod^ probe, and being imnrobilized on said solid phase through a 

linker portion in such a manner as to occupy a restricted spatial arrangement so that the probes can be ligated 
by an enzyme when the probes sequentially hybridize with the specified polynucleotide sequence of said target 
nucleic add; 

(2) ligating the pair of probes by a ligase reaction of the complex to form a ligation product; 
20 (3) hybridizing the ligation product with the padlock probe; 

(4) ring-closing the padlock probe to the ligation product in a continuous loop by a ligase reaction; 
and 

(5) detecting the ring-closed padlock probe. 

25 
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Fig. 6 



SEQUENCE FOR 
PADLOCK PROBE 



5' 




/ 
/ 



^^^^ TARGET NUCLEIC ACID 



t 



HYBRIDIZATION 



^ LIGASE REACTION 
^DENATURATION 



LABEL 




PADLOCK PROBE 



HYBRIDIZE 



LIGASE REACTION ^ 



LIGATION PRODUCT 




CONTINUOUS 
LOOP 



REPETITION 



CONTINUOUS 
LOOP 




33 



BNSOOCID. <EP ^0SS76O6A1J_> 



EPO 867506 A1 



DONOR 




ACCEPTOR 



TARGET NUCLEIC ACID 
LIGASE REACTION 

V 




34 



eNSOOCIO. <EP ^0867SO6A1J_> 



EP 0 867 506 A1 



F/g.8 



INDIVIDUAL ■« 
PROBES 




HYBRIDIZATION 



1 3 5 

gBTgg?! ^ Vf^^fWA — 



LIGASE REACTION 
DENATURATION/WASHING 




POSITIVE 



2 

NEGATIVE 



3 4 5 

POSITIVE NEGATIVE POSITIVE 



DETECTION OF LIGATION PRODUCTS 



eNSOOCIDi <EP 0867506A1 J_> 



35 



EP 0 867 506 A1 



INTERNATIONAL SEARCH REPORT 



Imemtiooal ■ppltcatioo No. 

PCT/JP97/03232 



A. CLASSinCATION OF SUBJECT MATTER 

Int. Cl^ C12N15/11, C12N15/10, C12Q1/68, G01N33/53, G01N33/566 

According to Intcnjatiooal Pitent a>«ificatioo (IPQ Of to both natioiul dMsifiotiop •«! IPC 



FIELIiS SEARCHED 



Mimmum doaimcsutkm searcfacd (cU»«ficMiao syttcm folltwcd by cUsiifMation »yt«boU) 

Int. Cl€ C12N15/00-11, C12Q1/68, G01N33 /53-566 



Documcauiioo learcted other thaa ainii 



10 the cxieBt ihatsuch <^y*«ip*"» are tsduded io the fields aeaidicd 



Electronic dau base eottvlied dufiag the tMeraauout seaich (name of data base aad, where practicable, scaich temis used) 
WPI (DIALOG), BIOSIS (DIALOG) , CA(STN), GenBank (GENETYX) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Gtation of document, with indicatian, where appropriate, of the relevant passages 



Relevaot to cUtm No. 



Proc. Natl. Acad. Sci. USA, Vol. 87, (1990), 
Deborah A. Nickerson et al., "Automated DNA 
diagnostics using an ELISA-based oligonucleotide! 
ligation assay.", see p. 8923-8927 

SCIENCE, vol. 265, (1994), Mats Nisson et al., 
"Padlock Probs: Circularizing Oligonucleotides 
for Localized DNA Detection.", see p. 2085-2088 



1-12 



1-12 



j I Further documeotsaieliated in the oootinuattoa of Box C Q See patent family annex. 



"T* Uacf docwicaipiiMishe<t«ficrikciaicf«aitoa«tCliaf daieorpitofiiy 
dale aad aoi ia ooafliis wilk Ibc appUcaikm but cited 10 aadnr--^ 
ite pnadple or itaoiT aaderlytes the iavnMMa 



Special catefoifcB of 
-A** dactt«eiitdenaiag*es»enlawollbeafiwluckisMt 

lobeof panialarfcievaacB , 
-E- earti«rdoc«««aib.ip«bll.h«loaoraft»tibel«e«atioaaliaiagda«e -X" ^;;SS^lS!S^:^^J!£^^ 

'^tr docMMM wfcick say ifcraw doabiB oa prioriiy claii^s) or wbkk is s&ep when Uc doomeat is lakca aloaB 

eai^ to fftaHfffc ibe naUlcatioa data of aaoihar dtadoa or olhar ^ , ^ . . 

r^n??M mJSmSk dooaa>«iofp«ftic«l«rt.tavaac»:lk«cUi^iavaaaoacaaa« 

spectti fcawatasap-cwM^ _^ ^sMri,« a«hM ooaaidared » iavohfe aa iaveaiivc step wbea *a/«— 

dooaaicat lefciffiag lo aa oial diadosaic, aaa, aibi Ntloa or ocier co«biao*wiiboaeor 



dacaMcaipaUbbad prior «D 
tbe priority dau daiawd 



baiaa obfvioas to a peaoa skOlad hiibo an 

IBiagdMKbatlaieriho ^ » ^ , * 

* -*Jt** doeBBwaiaaeBbcrof thasaaapaicatfaml 



Date of the actual compietioD of the interMtional search 

December 12, 1997 (12. 12. 97) 



Date of mailing of the iotematioQal search report 

December 24, 1997 (24. 12. 97) 



Name and mailing address of tbe ISA/ 

Japanese Patent Office 

Facsimile No. 



Authorized officer 



Tdepbooe No. 



Form PCr/ISA/210 (second afaeet) (July 1992) 



36 



BNSOOCiD <EP. 



.0867506A1J_> 



